RESULTS:
The decrease in BMI z score over time was significantly greater for intervention participants compared with usual care participants (20.15 in BMI z score among intervention participants compared with 20.08 among usual care participants; P = .012). The 2 groups did not differ in secondary metabolic or psychosocial outcomes. Compared with usual care, intervention participants reported less reduction in frequency of family meals and less fast-food intake.
CONCLUSIONS: A 5-month, medium-intensity, primary care-based, multicomponent behavioral intervention was associated with significant and sustained decreases in BMI z scores among obese adolescent girls compared with those receiving usual care. Pediatrics 2012;129: e611-e620 Obesity prevalence among youth is at a historic high, with 16% of 6-to 19-yearolds overweight and 19% obese. 1 Treating adolescents has particular public health importance because overweight teens have longer-term health risks and greater probability of adult obesity than youth who develop weight problems earlier in childhood. [2] [3] [4] [5] [6] Furthermore, population-based studies have found high rates of psychological symptoms among obese adolescents, especially in females. [7] [8] [9] [10] [11] [12] Finally, potential serious social and economic consequences exist for overweight adolescents who, over their lifetimes, have been found to have fewer years of education, lower family income, and higher poverty rates. 13, 14 Youth clinic-based weight control treatments have demonstrated some success, but most have been designed for preadolescent children and their families. 15, 16 Although promising, such interventions are usually focused on family-based care, a strategy generally less appealing to adolescents as they become more autonomous and motivated by peer acceptance rather than parental influence. [17] [18] [19] Accordingly, some teen weight management studies suggest superior results when teens and parents are seen separatedly. 20, 21 Also, some behaviorally based youth weight management interventions include a mix of adolescents and younger children and are therefore not developmentally tailored to adolescents. [22] [23] [24] [25] Furthermore, most interventions have been conducted in specialty settings or academic research clinics rather than primary medical care settings, where weight problems are more often identified and efficiently treated. Two previous primary care-based treatment studies among overweight and obese adolescents reported favorable changes in BMI, 25, 26 suggesting the promise of providing adolescent weight management programs within primary care settings. Some adolescent weight management efforts have achieved limited success, but sustaining longerterm weight loss has been difficult. [27] [28] [29] This study evaluated a primary carebased, multicomponent lifestyle intervention for overweight adolescent females. We hypothesized that, relative to usual care, the intervenztion would reduce BMI and improve selected metabolic health behavior outcomes. We also anticipated that focusing on easily adoptable healthy lifestyle behaviors, rather than stricter adherence to caloric guidelines, might improve sustained weight management. Study design and participant flow.
METHODS

Design
an age-and gender-adjusted BMI $90th percentile. At the study' s outset, the Centers for Disease Control and Prevention guidelines identified youth with adjusted BMI at or above the 95th percentile as overweight. However, we lowered the eligibility criteria to the 90th percentile to accommodate HMO pediatricians' requests and to increase the findings' generalizability. Exclusion criteria included: significant cognitive impairment or psychosis, severe obesity (BMI .45), use of medications known to affect body weight, and pregnancy.
Potential participants who met selection criteria were identified by using the HMO' s electronic medical record. As part of the baseline assessment, all participants received physical examinations from their pediatric primary care providers (PCPs), who were asked to review each potential recruit' s medical record before determining appropriateness for study inclusion. In addition, PCPs were encouraged to refer their BMI-eligible adolescent female patients to the study, and recruitment posters in pediatric primary care clinics prompted self-referral. Individuals who met selection criteria were mailed study invitations, which were followed by telephone calls from research staff.
An informational meeting for interested families preceded randomization. Eligible adolescents were randomized to the intervention or control condition by a computer program using a wellvalidated procedure to balance age and obesity severity. 30 Project interventionists informed participants of treatment assignment to keep assessors masked.
Multicomponent Developmentally Tailored Behavioral Intervention
The teen intervention compromised 90-minute group meetings conducted over 5 months. strength training as in-session physical activities to increase body awareness, core strength, and coordination. By providing teens with training in safe and basic yoga practices, equipment, an instructional booklet, and CD, we encouraged yoga practice outside the study sessions. In addition, interventionists introduced strategies for increasing physical activity (eg, pedometers, resistance bands) to encourage participants to set goals tailored to their interests. Every session included reviewing goals and problem solving to overcome barriers and challenges to increased activity.
The intervention included discussion of topics particularly pertinent to adolescent girls (eg, recognizing and avoiding disordered eating patterns, promoting body image, coping with family and peer teasing, minimizing emotional eating). We also taught specific behavioral and cognitive tools for coping, including: (1) regular selfmonitoring of dietary intake, physical activity, and screen time; (2) stimulus control and environmental changes, stepwise goal-setting, and problem solving; (3) setting goals for increasing pleasant activities (as self-reward and alternatives to eating/screen time); and (4) cognitive restructuring techniques to combat negative self-talk.
Teens were required to attend 5 of the first 6 intervention sessions and complete diet and exercise self-monitoring records to receive the exergaming equipment. Interventionists included master' s level nutritionists and health educators and doctoral level clinical psychologists.
Parent Support Meetings
Over the intervention' s first 3 months, parents were invited to separate, weekly group meetings, during which staff explained the nutritional and physical activity principles the teens would learn so that parents could help support their daughters and reduce potential barriers to success. In addition, parents were encouraged to increase or maintain the frequency of family meals, which are associated with improved nutrition and decreased risk for unhealthy weight control practices among youth. [37] [38] [39] Finally, because high levels of parental monitoring of teen eating behavior are associated with more disordered eating among overweight adolescent girls, 40, 41 we worked with parents to encourage appropriate teen autonomy and healthier family interactions and improve understanding of how parents' own attitudes, eating behaviors, monitoring, and comments regarding their teen's weight and shape may affect their daughters.
Pediatrician Involvement
To improve interactions with all of their overweight teen patients, pediatric providers received study-sponsored training in motivational enhancement techniques for health behavior change. This training used the FRAMES approach (provide feedback about personal risk, responsibilityofpatient,advice tochange, menu of strategies, empathic style, and promote self-efficacy). Study staff scheduled individual sessions for each intervention participant and her PCP at study onset and 6 months later (after completion of the group sessions). They also provided PCPs with summaries of the teen' s current health habits (eg, meal patterns, physical activity) and areas that could be targeted for improvement. PCPs were encouraged to assist patients in selecting 1 or 2 of these behavioral targets (eg, reducing screen time, increasing physical activity, eating more fruits and vegetables, establishing regular meals).
Usual Care
Usual care participants received a packet of materials, including outlines of evidence-based approaches to weight management for youth and adults, a parents' guide to help adolescents make healthy lifestyle changes, local resources for weight management and healthy activity, and suggested books and online materials on healthy lifestyle change. Usual care participants also met with their PCPs at the study onset to encourage healthy lifestyle changes, although PCPs were not given the tailored patient assessment summaries described earlier in the intervention arm for use in their visit nor were usual care participants scheduled for a 6-month study-related session with their PCPs.
Measures
Baseline measurements occurred before randomization, and follow-up data were collected by staff blinded to participant treatment assignment.
Anthropometry and Metabolic Measures
Height and weight were measured with participants lightly clothed and without shoes and taken 3 times for quality assurance. Height was measured to the nearest 0.5 cm by using a Harpenden portable stadiometer (Holtain Limited, Crosswell, Crymych, Pemborokeshire, UK) calibrated monthly. Weight was measured to the nearest 0.25 lb with a Healthometer electronic scale (Health-0-Meter 400kl, Sunbeam Products CO LLC, Toledo, OH) calibrated monthly. BMI was converted to z score during analysis. 42 Blood samples were obtained after a minimum 10-hour overnight fast.
Dietary Intake, Physical Activity, and Health Behaviors
Certified dietary interviewers conducted 3 unannounced 24-hour telephone dietary recalls at baseline and again at 6-month follow-up. Participants were trained to estimate portion size by using real food and food models at the screening visit and received visual aids for estimating portion sizes during recalls. Recall data were entered into the ESHA database (ESHA Food Processor, version 8.1, 2003; ESHA Research Inc, Salem, OR). We adapted a 24-hour telephone physical activity recall from the 7-day physical activity recall. 43, 44 To limit participant study burden, diet and physical activity recalls were collected at baseline and 6-month follow-up only.
Other questionnaire measures included: hours per week of screen time and average days per week breakfast was eaten (both adapted from the Youth Risk Behavior Survey 45 ), average times per week a "family" meal was eaten together, and average times per week fast food and sweetened beverages/ sodas were consumed (adapted from the Project EAT Student Survey 46 ). Use of other professional weight management services was assessed by using questions adopted from a previous health care utilization survey. 47 Information on health/lifestyle behaviors and utilization of weight management services was collected at each major assessment point (baseline, 6-, and 12-month follow-ups).
Psychosocial Assessments
Self-report questionnaires at baseline, posttreatment, and 12-month follow-up assessed eating and mood disorder symptoms, body satisfaction, internalization of sociocultural attitudes toward appearance, self-esteem, and quality of life. Unhealthy attitudes and eating practices were assessed by using the Questionnaire of Eating and Weight Patterns-Adolescent Version (QEWP-A 48 ) with binge-related eating disorders categorized as "disordered eating." We examined changes in mood by using the depression section of the Patient Health Questionnaire for Adolescents (PHQ-A 49 ), with major depression categorized as a "mood disorder." Body satisfaction was assessed by using a modified version of the Body Satisfaction Scale. 50, 51 We measured perceived pressure to conform to social norms regarding female attractiveness by using the Sociocultural Attitudes Towards Appearance Scale(SATAQ-3). 52 The Rosenberg Self-Esteem Scale 53 and the Pediatric Quality of Life Inventory-(PedsQL [54] [55] [56] were also included.
Sample Size and Statistical Analyses
Power computations were performed by using PASS 2000 (NCSS, LLC, Kaysville, UT) for a repeated measures analysis of variance design, assuming an a level of 0.05 (2-tailed) and a correlation across time of 0.50. Enrolling 100 participants per study condition allowed power of 0.98 to detect difference between a mean 3% increase in BMI z score in the control group and a mean 3% decrease in BMI z score in the intervention group. Baseline comparisons between usual care and intervention groups were conducted by using x 2 and t tests. Generalized estimating equations were used to test for differences across 3 time points in usual care and intervention. Specifically, we examined if the pattern of outcomes change over time differed between the usual care and intervention groups. Because these equations do not require subjects to have data at each time point, all randomized participants were included in the analyses consistent with an intention-to-treat approach.
RESULTS
Sample Characteristics
Adolescents (N = 208) 14.1 6 1.4 years of age, with a mean BMI percentile of 97.09 6 2.27, were randomized into the trial (Table 2) . Compared with usual care participants, intervention participants reported higher use of professional weight management services during the 6 months before enrollment as well as more regular breakfast eating, but no other baseline characteristics differed significantly according to treatment assignment. Randomized participants represented only a modest proportion (8%) of the 2467 initially screened (Fig 1) . Although most community-conducted weight management trials rely only on self-referrals from an undefined population, in contrast, we contacted all teens and families for whom health records indicated potential eligibility ($90th percentile BMI). This recruitment method included those unmotivated to enroll in this type of study. Furthermore, unlike recruitment of adults (or even younger children and families) in which an adult can independently elect to participate or have their child and family participate, the interest and willingness of both parent(s) and teen to participate are critical for recruitment into this type of trial. Of those randomized, 195 (94%) completed the 6-month posttreatment assessment, and 173 (83%) completed the 12-month follow-up.
Acceptability and Treatment Expectations
Participants attended a mean 6 SD of 10.3 6 5.1 of 16 intervention sessions for teens and 7.9 6 3.9 of 12 sessions for parents. Posttreatment ratings suggested that most participants rated the intervention services as high quality (4.4 6 0.8 for teens and 4.4 6 0.8 for parents on a 1-5 scale [5 being "excellent"]) and reported that the program met their needs (4.0 6 1.0 for teens and 3.9 6 1.1 for parents on a 1-5 scale [5 being "definitely met needs"]).
Primary and Secondary Outcomes
The primary outcome, age-adjusted BMI z score, is shown in Fig 2, and secondary outcomes are shown in Table 3 . The decrease in BMI z scores over time was significantly greater for intervention participants compared with usual care participants (P = .01); however, the intervention effect size was low-tomoderate (Cohen' s d = 20.18 for BMI z ARTICLE score and 20.27 for BMI percentile). The 2 study groups did not differ significantly on change over time on any secondary metabolic outcomes. For psychosocial outcomes, those in the intervention group reported greater body satisfaction (P = .03) and less internalization of social norms regarding female attractiveness (P = .02) posttreatment compared with those in usual care. For health behaviors, differences were observed in frequency of family meals (P = .03) and fast-food consumption (P = .02); those in the intervention reported less reduction in family meals frequency and less fast-food intake compared with usual care.
DISCUSSION
This medium-intensity, multicomponent behavioral intervention resulted in a modest decreasein weightstatusamong overweight teen-aged girls (20.15 in BMI z score among intervention participants compared with 20.08 among usual care participants). To our knowledge, this is the first study to demonstrate the efficacy of a behaviorally based intervention specifically targeting teen-aged girls and demonstrating a sustained effect (at 12 months) beyond the active 5-month intervention. Those in the intervention group reported more frequent family meals and less fast-food consumption. There were no other significant differences in reported health behaviors, and no indication that the intervention increased disordered eating practices. Among intervention participants, changes between baseline and posttreatment (6 months) in the magnitude of screen time reduction (∼5 hours per week) and reduction in reported energy consumption (a decrease of 240 kcal/day) is consistent with changes considered clinically significant by most PCPs. However, given the high variance for these variables, there were no statistically significant differences between the intervention and usual care groups.
Despite the statistical significance of our primary study outcome (BMI z score), the weight reduction magnitude was modest (Cohen' s d = 20.27 for BMI percentile and 20.18 for BMI z score), suggesting that a more intensive intervention might achieve more clinically significant outcomes. Previous primary care interventions targeting adolescents found somewhat larger effects, 25, 26 although these results may not be comparable because participant populations were at least 50% male and 1 study 25 included younger school-aged children. Furthermore, our participants reported frequent dieting and use of professional weight management services in the 6 months before study enrollment, so they likely had previously adopted some weight management strategies-and therefore achieved more modest effects than those observed in overweight teen boys, who are less likely to report previous weight control attempts. 57, 58 A modest proportion (17%-18%) of participants in both study arms reported using ancillary professional services for weight control during the active intervention. Furthermore, our participants had high overall BMI at study onset (.97th percentile for age and gender on average). Therefore, our sample may have been treatment resistant, as more severely obese youth are significantly more likely to have persistent weight problems as adults 59 and obtaining sustained decreases in obesity in this population has proved difficult. 60 Finally, because our pilot work for the study suggested substantial teen and parent sensitivity to the teen' s identification as overweight, we purposefully emphasized goals to improve body image and self-esteem while learning about healthy choices for eating and exercise, and explicitly de-emphasized weight management.
Our results suggest that body image was improved by the intervention.
There were important differences in our intervention approach that, although purposeful, may have attenuated its overall impact. Unlike the vast majority of behavioral weight loss interventions, we de-emphasized calorie counting. We anticipated that dietary changes related to decreasing energy density of consumed foods and establishing healthier eating patterns would produce more achievable and sustainable results; unfortunately, these guidelines may not have been adequate in achieving clinically meaningful caloric reductions and sustained weight loss. Finally, rather than adopting a more family-centric approach, we purposely focused on helping teens manage their weight with more autonomy. Yet previous interventions, particularly with younger children, have demonstrated that the most robust weight management occurs when parents also adopt targeted lifestyle changes. 61 This finding suggests that an intervention which actively targets parent lifestyle changes (rather than focusing, as this intervention did, primarily on supporting the teen' s efforts) may have the benefit of allowing teen autonomy while supporting healthy weight management and lifestyle changes within the broader family.
A limitation of the study was the lack of racial/ethnic and socioeconomic diversity among study participants, particularly given known health disparities related to obesity. 1, 62, 63 As children of working insured parents, study participants represent this sizable sector of the population. Yet, we acknowledge that the results might not be generalizable to other subpopulations.
A strength of our study was our inclusion of participants with comorbid mood and disordered eating practices; we believe this was important to increase generalizability given the higher incidence of such problems among overweight youth. Also, until recently, most research-based youth obesity interventions have been conducted in university settings and therefore may not have been representative of efforts in the community. Increasingly, however, health plans are adopting practices to identify
FIGURE 2
Change over time in BMI z scores.
ARTICLE members who may benefit from similar health behavior interventions; therefore, our efforts to expand eligibility may render our results more generalizable.
CONCLUSIONS
A 5-month, medium-intensity, primary care-based multicomponent behavioral intervention was associated with significant and sustained decreases in BMI z score among obese adolescent girls when compared with those randomized to receive usual care. Although the magnitude of the effect was modest, these early findings suggest the promise of interventions delivered within primary care settings tailored specifically for teen-aged girls. Future research should consider more intensive models building on these foundational elements; namely, whether adoption of specific caloric and activity guidelines as well as more active participation of parents and other family members may enhance teen outcomes. 
